In this paper, we investigate the formation and function of the multilevelled, fission-fusion social structure in a free-ranging African elephant, Loxodonta africana, population. We quantitatively identified the existence of four social tiers by using cluster analysis on individual association data. We assessed the effects of season and study period on social structuring and levels of cohesion within and among social units. We found that second-tier units, potentially the equivalent of the 'family', were stable across seasonal periods but the number of units increased as the study progressed and the population grew. It appears that these units were sufficiently small not to be influenced by ecologically related factors, such as resource competition, that might otherwise lead to them splitting. On the other hand, third-and fourthtier units were significantly affected by season in a way that suggests a trade-off between ecological costs (e.g. from resource competition) and different social and ecological benefits (e.g. from predator defence, territoriality, knowledge sharing and rearing of young). Age structure also appeared to influence this multitiered social organization. The size of second-tier social units was significantly affected by the age of matriarchs: units lead by matriarchs likely to be grandmothers (i.e. females 35 years and older) were significantly larger than those lead by younger matriarchs. We present a conceptual framework for understanding the emergence of multiple-tier social structure from interactions driven by socioecological processes. This study is the first to use rigorous quantitative methods to statistically show the existence of four hierarchical tiers of social organization in a nonhuman animal. Additionally, our results elucidate the role that ecological processes play in producing complex social structures.
In this paper, we investigate the formation and function of the multilevelled, fission-fusion social structure in a free-ranging African elephant, Loxodonta africana, population. We quantitatively identified the existence of four social tiers by using cluster analysis on individual association data. We assessed the effects of season and study period on social structuring and levels of cohesion within and among social units. We found that second-tier units, potentially the equivalent of the 'family', were stable across seasonal periods but the number of units increased as the study progressed and the population grew. It appears that these units were sufficiently small not to be influenced by ecologically related factors, such as resource competition, that might otherwise lead to them splitting. On the other hand, third-and fourthtier units were significantly affected by season in a way that suggests a trade-off between ecological costs (e.g. from resource competition) and different social and ecological benefits (e.g. from predator defence, territoriality, knowledge sharing and rearing of young). Age structure also appeared to influence this multitiered social organization. The size of second-tier social units was significantly affected by the age of matriarchs: units lead by matriarchs likely to be grandmothers (i.e. females 35 years and older) were significantly larger than those lead by younger matriarchs. We present a conceptual framework for understanding the emergence of multiple-tier social structure from interactions driven by socioecological processes. This study is the first to use rigorous quantitative methods to statistically show the existence of four hierarchical tiers of social organization in a nonhuman animal. Additionally, our results elucidate the role that ecological processes play in producing complex social structures. Ecological constraints, by impacting both mating systems and population structure, are formative factors in the evolution of social systems (Clutton-Brock & Harvey 1977; Emlen & Oring 1977) . In combination with their genetic underpinnings, the type and structure of individual-based interactions relates to the abundance and distribution of food or predation (Alexander 1974; Wrangham 1980; van Schaik 1989; Isbell 1991) . The socioecological hypothesis serves as a framework for studies of this particular relationship between ecological factors and social behaviour (Emlen & Oring 1977; Vehrencamp 1983; Terborgh & Janson 1986; Emlen 1995; Kappeler & van Schaik 2002) .
The ecological factors affecting sociality vary across time and space. Ecological and social costs and benefits play a role in determining social unit size in fission-fusion societies (Devore & Washburn 1963; Kummer 1968 ). Fission-fusion societies limit the effect of within-unit competition through unit splits during periods of high competition (Dunbar 1992; Kummer 1995) and they enhance cooperative effects through unit cohesion when the ecological costs of aggregating are low or benefits of sociality are high (Takahata et al. 1994; van Schaik 1999) . Aggregating behaviour is generally thought to be a response to predation pressures (Hamilton 1971) . Widely distributed food resources may promote the evolution of fission-fusion social organizations as a response to fluctuations in the costs of feeding competition (Schaller 1972;  
